Objectives: To characterize a representative self-transmissible multidrug resistance plasmid pHN7A8 isolated from an Escherichia coli from a dog in China, classified as F33:A-:B-by replicon sequence typing and carrying the bla TEM-1b , bla CTX-M-65 , fosA3 and rmtB genes conferring resistance to penicillins, cephalosporins, fosfomycin and aminoglycosides, respectively.
Introduction
Bacterial plasmids play an important role in the dissemination of antibiotic resistance determinants, such as extended-spectrum b-lactamases (ESBLs) and aminoglycoside resistance genes. 1 Aminoglycosides are usually used in combination with b-lactam agents for the treatment of life-threatening infections caused by Gram-negative bacteria to achieve a synergistic effect. However, in recent years the occurrence of co-resistance to aminoglycosides and b-lactam agents among Enterobacteriaceae has been increasing. 2 -9 Of particular concern is the association of 16S rRNA methylase and ESBL genes on the same plasmid.
The most frequently reported 16S rRNA methylase types worldwide are rmtB and armA, in that order, and these are commonly associated with bla CTX-M genes. 2,4 -9 The bla CTX-M-9 -group gene bla CTX-M-65 has become one of the dominant CTX-M types in animal isolates in China since 2005, and this increasing prevalence in Escherichia coli may be due to the dissemination of plasmids carrying rmtB. 6 Our recent study demonstrated that the dissemination of rmtB and bla CTX-M genes among Enterobacteriaceae from pets in China is mainly mediated by FII plasmids. 6 We also identified E. coli isolates from a pig farm with rmtB and bla CTX-M-65 on plasmids designated F33:A-:B-according to the IncF replicon sequence typing (RST) scheme, 10 and these genes plus fosA3, encoding a fosfomycin-modifying enzyme, on very similar F33:A-:Bplasmids from E. coli from pets, suggesting a plasmid epidemic.
11
As no complete F33:A-:B-plasmid sequence was available, a representative plasmid, pHN7A8, isolated from a dog, 11 was fully sequenced and compared with other IncFII plasmids.
Materials and methods

Plasmid sequencing
pHN7A8 DNA was extracted from an E. coli JM109 transformant of E. coli strain HN7A8 recovered from a dog in Guangzhou in 2008 , 11 using a Qiagen Midi kit (Qiagen, Germany), according to the manufacturer's instructions. pHN7A8 was fully sequenced by a whole-genome shotgun approach. 12 Briefly, pHN7A8 DNA was randomly sheared using a HydroShear w DNA Shearing Device (Gene Machines, USA), 1.5-3.0 kb fragments were cloned into pUC118 (TAKARA Bio, Japan) and transformed into E. coli DH10B. End sequencing was performed using an ABI 3730xl sequencer (Applied Biosystems, USA). Sequence data were assembled with the Phred/Phrap/Consed software suite (University of Washington, Seattle, WA, USA), yielding 15 contigs. Combinatorial PCR was used to assemble the contigs and to fill in gaps.
Bioinformatics
Open reading frames (ORFs) were predicted using ORF Finder (http://www. ncbi.nlm.nih.gov/gorf/gorf.html) and annotation was performed using Artemis (Sanger, Cambridge, UK). DNA sequences were further compared and aligned with GenBank data using BLAST, Double ACT and the Artemis Comparison Tool (Sanger) and DNAstar (Lasergene; Madison, WI, USA) and VISTA (http://genome.lbl.gov/vista/mvista/submit.shtml).
Nucleotide sequence accession number
The annotated sequence of pHN7A8 has been submitted to the GenBank nucleotide sequence database under accession number JN232517.
Results and discussion
Overall structure of pHN7A8 pHN7A8 is a 76 878 bp circular molecule consisting of a 62 368 bp 'backbone', encoding typical IncF plasmid replication, transfer, maintenance and stability functions, and a 14510 bp multiresistance region (MRR) (Figure 1a ). The products of 74 of 103 identified ORFs displayed high similarity to proteins of known function (Table S1 , available as Supplementary data at JAC Online), but no complete genes known to play a role in determining virulence were identified. The resistances to fosfomycin, cefotaxime and amikacin displayed by strain HN7A8 and its E. coli JM109 transformant 11 are consistent with the antibiotic resistance genes identified.
The pHN7A8 MRR
The pHN7A8 MRR is a mosaic structure bounded at both ends by fragments of IS1 ( Figure 1a ). The central part consists of four directly oriented IS26 elements flanking three different segments containing resistance genes. The first segment corresponds to part of the typical (ISEcp1-bla CTX-M-9 -like-IS903-iroN) transposition unit inserted in Tn1722 (part of Tn1721) seen in several plasmids, e.g. pKP96 (Figure 1a) . Although ISEcp1 is often truncated by IS26, this boundary in pHN7A8 is unique while the Tn1722/IS26 boundary has been seen before (e.g. in p1658/97; GenBank accession number AF550679), although not associated with bla CTX-M-9 group genes.
The second segment contains fosA3 322 bp downstream of IS26, as in the originally identified context, 13 but with 536 bp rather than 1758 bp between the 3 ′ end of fosA3 and the downstream IS26. 11 The third segment, including rmtB adjacent to a fragment of Tn2 carrying bla TEM-1b is related to other rmtB contexts (e.g. pIP1206 in Figure 1a) , except the Tn2 tnpR gene in pHN7A8 is interrupted by IS1294.
IS26 downstream of rmtB in pHN7A8 truncates an IS1 element with the same IS26/IS1 and IS1/backbone boundaries as in pC15-1a and pEK516, two closely related plasmids carrying bla CTX-M-15 , 14, 15 and in pHK23a, carrying fosA3 and bla CTX-M-3 ( Figure 1a ). The region from the IS26 element upstream of bla CTX-M-65 through to the plasmid backbone is also found in several other plasmids with IncFII replicons and ends with a truncated IS1 (Figure 1a) . The MRR of the recently reported plasmid pXZ, also from China, 4 has only a single nucleotide difference (in ISEcp1) from the pHN7A8 MRR, and we found that it actually carries bla CTX-M-65 rather than bla CTX-M-24 .
The IS1/backbone boundary in pHN7A8/pXZ, pC15-1a/pEK516 and pH23a is the same as that between the backbone and one end of the MRR (also known as Tn2670) of the archetypal IncFII plasmid R100 (Figure 1b) . Although 1375 bp (pHN7A8/pXZ, pHK23a) or 1465 bp (pC15-1a/pEK516) of plasmid backbone adjacent to the other end of the MRR are missing compared with R100, these MRRs may have all evolved from Tn2670 in a number of steps. The lack of direct repeats (DRs) flanking IS26 in the pHN7A8/pXZ MRR suggests that this may have occurred by homologous recombination rather than transposition, although IS26-mediated adjacent deletions could have removed DRs. 16 The backbone of pHN7A8
The pHN7A8 backbone is organized similarly to that of R100 and other IncFII plasmids such as pC15-1a, pHK23a and pXZ, but the level of nucleotide identity varies over this backbone ( Figure 2) . As suggested by RST, which uses primers amplifying a region between the repA2 and repA1 genes, the replication region (repA2/copB, repA1, repA4) of pHN7A8 (F33:A-:B-) is not that closely related ( 89% identical) to R100, pEK516, pC15-1a and pXZ (all F2:A-:B-by RST). This region has the greatest identity ( 94%) to three plasmids from enteropathogenic E. coli strains pB171 (GenBank accession number AB024946), pMAR2 (FM180569) and pMAR7 (DQ388534), all classified as F13:A-:B4 by RST.
The pemI-pemK addiction system downstream of the replication region is 100% identical to that in R100 and many other IncFII plasmids. This high level of identity continues beyond the site of insertion of the MRR (Figure 2 ) into the leading region containing genes related to plasmid stability, including stbAB, ssb, parB and sok-hok-mok, and many putative genes. A putative group II intron inserted downstream of the ycjA gene in pHN7A8 is also found in pHK23a, pXZ and several other plasmids, and like pC15-1a, pHK23a and pXZ, pHN7A8 has only a remnant of the Tn10 element found in R100.
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The tra region of pHN7A is less highly related to known IncF plasmids, with 91% -97% identity to this region of R100, pEK516, pHK23a and pXZ, and there are deletions between traR and traC and between traX and finO compared with these plasmids (Figure 2 ). The closer relationship of pXZ to pC15-1a and pHK23a suggests that the MRR carrying bla CTX-M-65 , rmtB and fosA3 was created in the pXZ context and has become associated with the pHN7A8-type backbone by recombination.
Conclusions
Plasmids related to pHN7A8 and pXZ appear to be widespread in farm animals (pigs and chickens) and pets in China. 4, 6, 11 Although pXZ-like plasmids were mostly reported as having bla CTX-M-24 , 4 we found that 12 of 17 isolates actually have bla CTX-M-65 (GenBank accession numbers JQ003799-802, JQ003805-6, JQ003808 and JQ003811-15) and four (GenBank accession numbers JQ003804, JQ003807 and JQ003809-10), He et al.
plus one stated to have bla CTX-M-14 (GenBank accession number JQ003803), have unnumbered bla CTX-M-9 variants. Thus, both plasmid types appear to be important in the spread of the same genes: bla CTX-M-65 , rmtB and fosA3.
The successful dissemination of both plasmid types might be associated with the presence of the addiction systems (pemI/pemK, hok/mok/sok, srnB) and partitioning genes (parM, parB and stbB) that promote plasmid maintenance during vertical transmission to daughter cells. 17 The coexistence of several resistance genes on the same plasmid might also contribute to dissemination and persistence under different antimicrobial selection pressures and, for example, favour the dissemination/maintenance of fosA3 in the absence of direct selection (none of the pets or pigs in our studies had received fosfomycin treatment). 9, 11 In relation to this, it is interesting that bla CTX-M-24 in pKP96 is also associated with a fosA gene (Figure 1a) . 12 A number of IncF plasmids carry virulence genes, 18 and the potential for recombination between these and resistance plasmids such as pHN7A8 to create plasmids carrying both virulence and resistance genes (such as pIP1206) is worrying. Since pHN7A8 and pXZ confer resistance not only to important antibiotics (cephalosporins and aminoglycosides) commonly used for treating Enterobacteriaceae infections in humans, but also to fosfomycin, which has attracted renewed interest because of its in vitro activity against ESBL-producing Enterobacteriaceae in human clinics, 19 their widespread incidence may become a public health concern. Future studies will be necessary to evaluate the prevalence of these plasmids among animal food and human clinical isolates in China and other countries.
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